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Abstract
We consider an Supersymmetric extension of the Standard Model
with some extra Higgs doublets and a global (B−L), where B and L
are the usual baryonic and lepton number respectivelly, and Z3 ⊗ Z ′3
symmetries of the non-SUSY model presented at [1].
PACS number(s): 12.60.Fr, 14.60.Pq, 14.60.St
Today we know that neutrinos have mass and we notice oscillation at
neutrinos sector, for example in the case of solar neutrinos problem is ex-
plained as νe disappearance while to explain atmospheric neutrino data via
νµ → ντ oscillation and the experimental data has two large angles, they are
θsolar and θatm and such mixing is termed as “tribimaximal” mixing scheme.
There is an interesting model with the same gauge symmetry as in the
Standard Model (SM), it means SU(3)C⊗SU(2)L⊗U(1)Y gauge symmetries
and we introduce two right-handed neutrinos having (B − L) = −4 and the
third one having (B−L) = 5 and besides the usual scalar S we introduce two
extra dublets (they are inert under Z3 symmetry), this model was presented
at [1], in this reference the authors also presented a first short analyse about
the supersymmetric version of this model. Our goal here is present this model
in more detail.
We will present the supersymmetric version of the model described at [1],
where the particle spectra is enlarged with four inert doublets, some scalars
as singlets under SU(2) symmetry and three right-handed neutrinos with
non-standard assignment of global (B−L) symmetry which make the model
anomaly free [2], the SUSY versions of these models were done at [3, 4],
and we will also impose Z3 symmetry to avoid the µ-problem of the Minimal
Supersymmetric Standard Model (MSSM) in similar way as done in the Next
to Minimal Supersymmetric Standard Model (NMSSM). We impose, also,
another discrete Z ′3 symmetry to avoid the proton decay at least at tree
level.
The outline of this paper is as follows: In Sec.(1) we present the particle
content of this model in superfield formalism, in Sec.(2) we present the la-
grangian of this model. In Sec.(3) we calculate the masses to neutrinos, the
right handed neutrinos get mass at tree level. We present, in a short way, the
scalar potential at Sec.(4). The left-handed neutrinos get mass at to 1-loop
level in Sec.(5) in similar way as showed at [1]. In the end of this article, we
present our conclusion.
1 The Model
Now we will review the non-SUSY version of the model, where our symmetry
is
SU(3)C ⊗ SU(2)L ⊗ U(1)Y , (1)
as the gauge symmetry of this model is the same as in the Standard Model
(SM), we have the same gauge bosons of SM. They are the gluons fields ga,
and the bosons W i of the group SU(2) and b′ of U(1) and we have ommited
the Lorentz indeces. We will, also, impose (B − L) as global symmetry.
The representation content of the non-SUSYmodel is the following: under
SU(2)L we have the lepton doublets LiL = (νi, li)
T
L ∼ (1, 2,−1)1, and (i =
1, 2, 3) denote fermion generations with (B − L) = −1; charged singlets
EiR ∼ (1, 1,−2) with (B − L) = −1; three sterile neutrinos, one of them
N1R ∼ (1, 1, 0) with (B −L) = −5 and the others two NαR ∼ (1, 1, 0), (α =
2, 3) with (B − L) = +4; the quarks sector is exactly the same as in the SM
with (B − L) = (+1/3); we also introduce the SM Higgs S ∼ (1, 2, 1) with
(B − L) = 0, and two scalar inert doublet D1,2 ∼ (1, 2, 1) and (B − L) =
+6,−3, respectively, more details about this model can be find at [1].
1The parentheses are the transformation properties under the respective representation
of (SU(3)C , SU(2)L, U(1)Y ).
Now we will start to construct the supersymmetric version of this model,
all the fields listed above we will put, as usual in supersymmetric models,
in chiral superfield, the gauge sector of this model is identical of SM are
introduced at vector superfield [5, 6, 7, 8, 9, 10, 11].
1.1 The Superfields
The usual fermions as done in Minimal Supersymmetric Standard Model
(MSSM) are put in chiral superfields [5, 6, 7, 8, 9, 10, 11] and their quantum
numbers are shown at Tabs.(1,2).
Superfield LˆiL EˆiR Nˆ1R NˆβR
SU(3)C ⊗ SU(2)L ⊗ U(1)Y (1, 2,−1) (1, 1, 2) (1, 1, 0) (1, 1, 0)
(B − L) −1 +1 +5 −4
Table 1: Transformation properties of the lepton under
(SU(3)C , SU(2)L, U(1)Y ) and (B − L).
Superfield QˆiL uˆiR dˆiR
SU(3)C ⊗ SU(2)L ⊗ U(1)Y
(
3, 2, 1
3
) (
3∗, 1,−4
3
) (
3∗, 1, 2
3
)
(B − L)
(
+1
3
) (
−1
3
) (
−1
3
)
Table 2: Transformation properties of the quark under
(SU(3)C , SU(2)L, U(1)Y ) and (B − L).
We add also three right-chiral neutrinos superfields, in similar way as
done at MSSM with three right-handed neutrinos (MSSM3RHN) [6], we will
represent them as NˆiR
2, see [6, 11], in the following way
NˆiR(y, θ) = N˜iR(y) +
√
2 (θNiR(y)) + (θθ)FNiR(y), (i = 1, 2, 3), (2)
2It means Nˆ1R, Nˆ2R and Nˆ3R and we will use this notation allways we do not says their
(B − L) charges.
where the fields NiR ≡ νciL, as we presented in some preliminar studies pre-
sented at [5, 6], are the right-handed neutrinos known as sterile neutrinos
[12] and we should also introduce three right-handed sneutrnios N˜iR, and we
will call them as sterile sneutrinos, as we have discussed at [6].
The new scalars, the left-handed sneutrinos ν˜iL and the right-handed
sneutrinos N˜iR, are innert due (B − L) symmetry, therefore, we can write
the following constraints in their vaccum expectation values (vev)
〈ν˜iL〉 = 〈N˜1R〉 = 〈N˜βR〉 = 0. (3)
An interesting feature of this model is that the right-handed neutrino N1
do not mix with the right-handed neutrinos N2R, N3R
3 because they have
differents (B − L) quantum numbers, it will be more clear at Sec.(3).
In the non-SUSY model, as we mentioned in our Introduction, the right-
handed neutrinos N1R, NβR has (B −L) charge as −5,+4, see [1], respectiv-
elly. However in the supersymmetric model they are introduced as antipar-
ticles, see Eq.(2), due this fact they have opposite (B − L) charge, as we
presented at Tab.(1), more details about it can be found at [5, 6].
The scalars in dublets representation of this model are presented at
Tabs.(3,4)
Superfield Hˆ1 Hˆ2 Dˆ1 Dˆ2
SU(3)C ⊗ SU(2)L ⊗ U(1)Y (1, 2, 1) (1, 2,−1) (1, 2, 1) (1, 2, 1)
(B − L) 0 0 −4 +5
Table 3: Transformation properties of the scalars doublets introduced in the
non-SUSY model under (SU(3)C , SU(2)L, U(1)Y ) and (B − L).
The usual scalars H1,2
4 their vev, as usual, are given by:
〈H1〉 = v1√
2
, 〈H2〉 = v2√
2
. (4)
while the new scalars D1, D2 has (B − L) charge as +6,−3, in the non-
SUSY model, respectively. Those quantum number came from the following
3The same is hold to right-handed sneutrinos
4In the non-SUSY model the scalar field was denoted as S [1]
Superfield Dˆ′1 Dˆ
′
2
SU(3)C ⊗ SU(2)L ⊗ U(1)Y (1, 2,−1) (1, 2,−1)
(B − L) +4 −5
Table 4: Transformation properties of the new scalars, introduced to avoid
chiral anomalies in this model, under (SU(3)C , SU(2)L, U(1)Y ) and (B−L).
Yukawa interactions
Gi
(
LciLD1
)
N1R + Piβ
(
LciLD2
)
NβR, (5)
where we have, as done usually in supersymmetric models defined
(AB) ≡ ǫαβAαBβ , (6)
where α = 1, 2 is a spinorial index and all the terms in the Yukawa interac-
tions are presented at [1]. However our right-handed neutrinos have different
(B − L) charge and it imply our new scalars D1, D2 have others (B − L)
charges. The motivation to those values will be more clear when we presente
our superpotential at Eq.(24).
The new scalars D1, D
′
1, D2, D
′
2 are innert due Z3 symmetry, therefore,
we can write
〈D1〉 = 〈D2〉 = 〈D′1〉 = 〈D′2〉 = 0. (7)
As a consequence, this fact imply that our gauge bosons have the following
masses [5, 7, 8, 9, 11]
MW =
(
gv2
2
)√
1 + tan2 β, MZ =
MW
cos θW
, (8)
where
tan β =
(
v1
v2
)
, tan θW =
(
g′
g
)
. (9)
The new parameter β is a free parameter and θW is, as usual, the Weinberg
angle.
In the non-SUSY model we can write the following Majorana mass term
to our right-handed neutrinos [1]
M1(N1R)
cN1R +Mαβ(NαR)
cNβR + hc, (10)
this term in terms of superfield would be translated as
M1
ˆ¯N 1RNˆ1R +Mαβ
ˆ¯NαRNˆβR + hc, (11)
but their result is not a chiral superfield [10] and as consequence this kind of
term is not allowed in our superpotential, see Sec.(2.2).
Therefore, to obtain an arbitrary mass matrix for the neutrinos in this
model we need to introduce some scalars in the singlet representation, as we
present at Tab.(5). Their vev are
Superfield ϕˆ φˆ Sˆ
SU(3)C ⊗ SU(2)L ⊗ U(1)Y (1, 1, 0) (1, 1, 0) (1, 1, 0)
(B − L) −10 +8 0
Table 5: Transformation properties of the scalars under
(SU(3)C , SU(2)L, U(1)Y ) and (B − L).
〈ϕ〉 = u1√
2
, 〈φ〉 = u2√
2
, 〈S〉 = x√
2
. (12)
The extra scalar field S is introduced to solve the µ-problem, see [5, 7, 8, 11].
As happen with neutrinos, the higgsinos H˜1,2 do not mix with others
Higgsinos, but they mix with the gauginos in the same way as in the MSSM,
because they have differents (B − L) quantum numbers. The higgsinos D˜1
and D˜′1 can mix, the same happen to D˜2 and D˜
′
2. Therefore the higgsinos
ϕ˜, φ˜ and S˜ are already mass eigenstates and they are very massive, due their
masses came from soft terms as we will present at Sec.(2.3).
Concerning the gauge bosons and their superpartners, known as gauginos,
are introduced in vector superfields [5, 6, 7, 8, 9, 11]. See Tab.(6) where we
we presente the particle content together with the gauge coupling constant
of each group.
These are the minimal fields, we need to construct this supersymmetric
model.
Group Superfield Bosons Gaugino Auxiliar Field constant
SU(3)C Gˆ
a gam g˜
a Dg gs
SU(2)L Wˆ
i W im W˜
i DW g
U(1)Y bˆ
′ b′m b˜
′ D′ g′
Table 6: Information on fields contents of each vector superfield of this model.
The Latin index m identify Lorentz index as [10]
1.2 R-Parity
Let us begining defining the R-parity in the model with the particle content
listed above. We define at Tabs.(7,8) the R-charge (nΦ)
5 of each superfield
in our model. Using these R-charges we can get the R-Parity of each fermion
field contained in these chiral superfield, as shown at [5, 6], these results we
shown at Tab.(9).
Superfield LˆiL EˆiR Nˆ1R NˆβR Sˆ
R− charge nL = (+1/2) nE = (−1/2) nN1 = (−1/2) nNβ = (−1/2) nS = (0)
Table 7: Information about the R-charge (nΦ) of all the leptons and scalars at
chiral superfields of this model, our notation here S = H1,2, D1,2, D
′
1,2, ϕ, φ, S.
Superfield QˆiL uˆiR dˆiR
R − charge nL = (+1/2) nu = (−1/2) nd = (−1/2)
Table 8: Information about the R-charge (nΦ) of quarks at chiral superfields
of this model.
5Here Φ means chiral superfield as defined at [5, 6, 7, 8, 9, 11].
Fermion N1 Nβ D˜1 D˜
′
1 D˜2 D˜
′
2 ϕ˜ φ˜ S˜
(B − L) 5 −4 −4 +4 +5 −5 −10 +8 0
R− Parity +1 +1 −1 −1 −1 −1 −1 −1 −1
Scalar N˜1 N˜β D1 D
′
1 D2 D
′
2 ϕ φ S
(B − L) 5 −4 −4 +4 +5 −5 −10 +8 0
R− Parity −1 −1 +1 +1 +1 +1 +1 +1 +1
Table 9: Information about the (B − L) quantum number and R-Parity of
new fields of this model.
The connection between R-parity, spin (S), baryon number (B) and lep-
ton number (L) conservation laws can be made explicitly by writing
R-parity = (−1)2S(−1)3(B−L). (13)
Therefore the symmetry (B − L) imply R-parity is conserved. i.e., the R-
parity is conserved as a consequence of the (B − L) symmetry. Therefore,
the lighest supersymmetric particle (LSP) is stable and a possible candidate
to Dark Matter, we will discuss about this subject latter in this article.
2 The Lagrangian
With the superfields we can built a supersymmetric invariant lagrangian. It
has the following form
L(B−L) = LSUSY + Lsoft. (14)
Here, as usual, LSUSY is the supersymmetric piece, while Lsoft explicitly
breaks SUSY. Below we will write LSUSY in terms of the respective super-
fields. While in Sec.(2.3) we write Lsoft in terms of the fields.
2.1 The Supersymmetric terms
The supersymmetric term can be divided as follows
LSUSY = LQuarks + LGauge + LLepton + LScalar, (15)
the terms LQuarks,LGauge are the same as in the MSSM and those terms in
our notation is presented at [5, 6, 11].
The term LLepton is given by
LLepton = Lcahrgedlepton + Lneutrallepton , (16)
where
Lcahrgedlepton =
∫
d4θ
3∑
i=1
[
ˆ¯LiLe
2[gWˆ+g′(−1
2
)bˆ′]LˆiL +
ˆ¯EiRe
2[g′( 2
2
)bˆ′]EˆiR
]
. (17)
In the expressions above we have used Wˆ = T iWˆ i where T i = (σi/2) (with
i = 1, 2, 3) are the generators of SU(2)L while g
′ is the gauge constant of
U(1)Y see Table 6. The second term in Eq.(16) is written as
LneutralLepton =
∫
d4θ

 ˆ¯N 1RNˆ1R + 3∑
β=2
ˆ¯NβRNˆβR

 . (18)
Therefore, our right handed neutrinos, and the right-handed sneutrinos, they
do not intercation with the usual gauge bosons then we will refere them as
“fully sterile” right handed neutrinos [12] and they6 can be Dark Matter
candidate, as we will present at the end of Sec.(2.2).
Finally, the scalar part in (15) is
LScalar =
∫
d4θ
[
ˆ¯H1e
2[gWˆ+g′( 1
2
)bˆ′]Hˆ1 +
ˆ¯H2e
2[gWˆ+g′(−1
2
)bˆ′]Hˆ2 +
ˆ¯D1e
2[gWˆ+g′( 1
2
)bˆ′]Dˆ1
+ ˆ¯D′1e
2[gWˆ+g′(− 1
2
)bˆ′]Dˆ′1 +
ˆ¯D2e
2[gWˆ+g′( 1
2
)bˆ′]Dˆ2 +
ˆ¯D′2e
2[gWˆ+g′(− 1
2
)bˆ′]Dˆ′2
+ ˆ¯ϕϕˆ+ ˆ¯φφˆ+ ˆ¯SSˆ
]
+
(∫
d2θW + hc
)
, (19)
where W is the superpotential, which we discuss in the Sec.(2.2).
2.2 The Superpotential
In the non-supersymmetric version of this model, only the doublets LiL, N1R, NβR, S
of SU(2)L has w as Z3 charges; the new scalars D1,2 has w−1 as Z3 charges
and all the others fields EiR have this charge as identity [1].
6The right-handed neutrinos and the right-handed sneutrinos
The Z3 symmetry generates the following transformation of each chiral
superfield
Φ→ exp
(
2πω
3
)
Φ, (20)
where ω is an entire number eliminate all terms in our superpotential with
two chiral superfields. With this discrete symmetry we avoid terms like
µH
(
Hˆ1Hˆ2
)
+ µ0i
(
Hˆ1LˆiL
)
, (21)
where (
Hˆ1Hˆ2
)
≡ ǫαβHˆ1αHˆ2β, (22)
as defined at Eq.(6), this term allow the mixing between the Higgsinos with
the usual leptons see [13, 14]. The superstring theory generate only trilinear
couplings in the superpotential [5, 11].
The superpotential of our model is given by
W = WRC +WRV , (23)
where the term WRC conserve the (B − L) symmetry and it is defined as
WRC = λ
(
Hˆ1Hˆ2
)
Sˆ +
κ
3
(
Sˆ
)3
+ λD1
(
Dˆ1Dˆ
′
1
)
Sˆ + λD2
(
Dˆ2Dˆ
′
2
)
Sˆ +Glij
(
Hˆ2LˆiL
)
EˆjR
+ Gi(Dˆ1LˆiL)Nˆ1R + Piβ
(
Dˆ2LˆiL
)
NˆβR +H11ϕˆNˆ1RNˆ1R +HαβφˆNˆαRNˆβR
+ Gdij
(
Hˆ2QˆiL
)
dˆjR +G
u
ij
(
Hˆ1QˆiL
)
uˆjR, (24)
In general all the parameters Gl,d,u are, in principle, complex numbers and
they are symmetric in ij exchange and they are dimensionless parameters
[8, 7].
Moreover, Gd and Gu can give account for the mixing between the quark
current eigenstates as described by the Cabibbo-Kobayashi-Maskawa matrix
(CKM matrix). In this model, we can also explain the mass hierarchy in the
charged fermion masses as showed recently in [16, 17].
The couplings H11 and Hαβ will generate Majorana Mass terms to our
right-handed neutrinos. Our superpotential is similar to Yukawa terms in the
non-SUSY model and therefore three neutrinos get mass at tree level and we
have three massless neutrinos, as we will show in Sec.(3).
The last term WRV breaks the (B − L) symmetry and it is written as
WRV = λijk
(
LˆiLLˆjL
)
EˆkR. (25)
The invariance under SU(2)L symmetry of the SM requires the antisym-
metry of coupling λijk in i, j and this parameter is, in principle, complex
number. Therefore, we can expect to generate the phases of the Pontecorvo-
Maki-Nakagawa-Sakata (PMNS) matrix, responsible for describe neutrino
oscillation.
In the MSSM model in WRV are include the terms λ
′
ijk
(
LˆiLQˆjL
)
dˆkR and
λ′′ijkuˆiRdˆjRdˆkR they are eliminated imposing the following Z ′3 symmetry [18]
Lˆ, Eˆ, Nˆ , Hˆ1,2, Dˆ1,2, Dˆ
′
1,2, ϕˆ, φˆ, Sˆ → Lˆ, Eˆ, Nˆ , Hˆ1,2, Dˆ1,2, Dˆ′1,2, ϕˆ, φˆ, Sˆ
Qˆ → w′Qˆ, uˆ, dˆ→ w′ −1uˆ, w′ −1dˆ, (26)
where w′ = e(2ipi/3), forbids the B-violating terms then we can avoid the
proton decay, neutron-antineutron oscilations at tree level.
Therefore our symmetry are
SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)(B−L) ⊗ Z3 ⊗Z ′3, (27)
where the symmetries (B − L), Z3 and Z ′3 are global ones no local as the
symmetry of the SM.
The interactions came at Eq.(25), which appears in the diagram to gen-
erate masses to left-handed neutrinos at 1-loop level, is given by
λijk
[
ν˜iLl¯
k
Rl
j
L + l˜
j
Ll¯
k
Rν
i
L + (l˜
k
R)
∗(ν¯iL)
cljL − (i←→ j) + hc.
]
. (28)
The coupling λ can contribute to various (low-energy) process: charged cur-
rent universality, bound on masses of νe,µ,τ and etc, for more details about
this subject see [7, 8].
The interactions in (25) induce neutrino masses, in the MSSM, at 1-loop
can be written as [7]:
δmνk ∝ (λkii)2
MSm
2
i
m˜i
, (29)
where mi is the mass of exchanged fermion and the factor miMS comes from
the left-right mixing of the sfermion. The interactions in (25) also induce
flavour changing neutral currents, for instance, will generater the following
decay:
Γ
(
ν˜i → l+j l−k
)
=
1
16π
(λijk)
2mν˜i, (30)
where mν˜i is the mass of sneutrinos and this decay violate lepton number
conservation and it can generate Leptogenesis in not the same way as in the
MSSM3RHN and we think it can be interesting to perform this analyses in
this model. We have another interesting LSP decay, in the case of MSSM
with R-parity conservation, given by
χ˜01 → l¯iljνk, (31)
and the decay from the lighest neutralino, the Dark Matter candidate at
MSSM with R-parity conservation, produce missing energy in its decay. This
decay can be observed if the appropriate λ coupling satisfy the following
relation
|λ| > 5× 10−7
(
ml˜
100GeV
)2 (100GeV
MLSP
)5/2
, (32)
where ml˜ is the mass of charged slepton exchanged and MLSP is the mass
of LSP, but the neutrinos will escape detection, leading to a missing trans-
verse energy, but this decay will not be a problem in our case because the
lighest neutralino is no more our Dark Matter candidate. In this model, the
right-handed neutrinos NiR and the right-handed sneutrinos N˜iR are possi-
ble candidates to Dark Matter because they do not interct with the gauge
bosons, see Eq.(18), and they interact only with the new scalars, their hig-
gsinos, the leptons and sleptons, via the superpotential defined at Eq.(24),
in a similar way as done at [1, 6] but we will not consider this issue here.
2.3 Soft terms
Now we can write the soft terms as
Lsoft = LGMT + LSMT + LINT ,
(33)
the term LGMT is the same as presented at MSSM, those terms in our nota-
tion is presented at [5, 6, 11].
The term LSMT , known as scalars mass term, is given by:
LSMT = −

 3∑
i=1
[
M2L|L˜iL|2 +M2l |E˜iR|2
]
+M2N1 |N˜1R|2 +
3∑
β=2
M2Nβ |N˜βR|2 +M2H1 |H1|2
+ M2H2 |H2|2 +M2D1 |D1|2 +M2D′1 |D
′
1|2 +M2D2 |D2|2 +M2D′2 |D
′
2|2 +M2ϕ|ϕ|2
+ M2φ|φ|2 +M2S|S|2
)
+
[
βH (H1H2)S + βSS
3 + βD1 (D1D
′
1)S
+ βD2 (D2D
′
2)S + hc] . (34)
The last term is given by
LInt =
3∑
i,j,k=1

AlijGlij
(
H2L˜iL
)
E˜jR + A
ν
i1Gi
(
D′1L˜iL
)
N˜1R +
3∑
β=2
AνiβPiβ
(
D′2L˜iL
)
N˜βR
+ AM11H11ϕN˜1RN˜1R +
3∑
α=2
3∑
β=2
AMαβHαβφN˜αRN˜βR + A
d
ijG
d
ij
(
H˜2Q˜iL
)
d˜jR
+ AuijG
u
ij
(
H˜1Q˜iL
)
u˜jR + A
L
ijk
(
L˜iLL˜jL
)
E˜kR + hc
}
. (35)
The terms Aν , AM can generate one physical CP violating phase at sneutrinos
mass matrix [19, 20, 21, 22].
The A-terms are known to play an important role in Affleck-Dine baryo-
genesis [23], as well as in the inflation models based on supersymmetry [24,
25, 26].
3 Neutrino Masses at Tree level
Our right-handed neutrinos get Majorana mass term, due the following terms
H11ϕN1RN1R +HαβφNαRNβR, (36)
in our superpotential defined at Eq.(24). As the new scalars D1, D2 are innert
due (B − L) symmetry, see Eq.(7), the Yukawa couplings
Gi (D1LiL)N1R + Piβ (D2LiL)NβR + hc, (37)
coming from our superpotential, defined at Eq.(24), does not generate mixing
between left-handed neutrinos with the right-handed neutrinos, in similar
way as happen in the non-SUSY model [1].
In the basis
Ψ0 = (ν1L, ν2L, ν3L, N1R, N2R, N3R)
T (38)
the neutrino mass term is writing as
−
(
1
2
)
Ψ0TY 0Ψ0 + hc (39)
where Y 0 is the mass matrix given by
Y 0 =
(
03×3 03×3
03×3 MM
)
. (40)
In order to write MM , first we define Γ through the ratio
tanΓ =
u2
u1
, (41)
and MM reads
MM =
2u1√
2


H11 0 0
0 H22 tanΓ H23 tan Γ
0 H32 tanΓ H33 tan Γ

 . (42)
Therefore only the right handed neutrinos get masses at tree level as happen
at non-SUSY model presented at [1]. Therefore, the three left-handed neu-
trinos are massless and they will get masses at 1-loop level, as we will discuss
at Se.(5).
4 Scalar Potential
The Higgs potential of our model has the following form
Vscalar = VF + Vsoft + VD. (43)
where, we are only writing the terms of scalars in doublets because we want
to compare our scalar potential with ones presented at non-SUSY model
presented at [1]
VF =
µ2H
4
(
|H1|2 + |H2|2
)
+
µ2D1
4
(
|D1|2 + |D′1|2
)
+
µ2D2
4
(
|D2|2 + |D′2|2
)
,
Vsoft = M
2
H1
|H1|2 +M2H2 |H2|2 +M2D1 |D1|2 +M2D′1 |D
′
1|2 +M2D2 |D2|2 +M2D′2 |D
′
2|2
− [βH (H1H2) + βD1 (D1D′1) + βD2 (D2D′2) + hc] ,
VD =
(
(g′)2
8
+
g2
8
) (
|H†1H1|2 + |H†2H2|2
)
+
(
(g′)2
8
+
g2
8
)(
|D†1D1|2 + |D†1D′1|2
)
+
(
(g′)2
8
+
g2
8
) (
|D†2D2|2 + |D†2D′2|2
)
+
g2
4
(
|H†1H2|2 + |H†1D1|2 + |H†1D′1|2 + |H†1D2|2 + |H†1D′2|2 + |H†2D1|2 + |H†2D′1|2
+|H†2D2|2 + |H†2D′2|2 + |D†1D′1|2 + |D†1D2|2 + |D†1D′2|2 + |D′†1D2|2 + |D′†1D′2|2 + |D†2D′2|2
)
−
(
(g′)2
4
+
g2
8
) (
|H1|2|H2|2 + |H1|2|D′1|2 + |H1|2|D′2|2 + |H2|2|D1|2 + |H2|2|D2|2
+ |D1|2|D′1|2 + |D1|2|D′2|2 + |D′1|2|D2|2 + |D2|2|D′2|2
)
+
(
(g′)2
4
− g
2
8
)(
|H1|2|D1|2 + |H1|2|D2|2 + |H2|2|D′1|2 + |H2|2|D′2|2 + |D1|2|D2|2
+ |D′1|2|D′2|2
)
, (44)
and we see we can these scalar potential are very similar to ones defined in
the non-SUSY model presented at [1]. As it is done at MSSM when compare
with the Two Higgs Double Model, we can write the following relations
µ2SM =
µ2H
4
+M2H1 ,
µ2d1 =
µ2D1
4
+M2D′
1
,
µ2d2 =
µ2D2
4
+M2D2 ,
λ1 = λ2 = λ3 =
(
(g′)2
8
+
g2
8
)
,
λ4 = λ5 = λ6 =
(
(g′)2
8
− g
2
8
)
,
λ7 = λ8 =
g2
4
, (45)
we can conclude we can not get the terms µ212, λ9,10 defined in the non-SUSY
model.
In order to generate the term µ212, as it is quadratic in the usual scalars
we would have to introduce term like
D¯1D2, (46)
in our superpotential defined at Eq.(23), but it is not chiral and therefore we
can not introduce it. As we can not introduce this term we can not have
µ212D
†
1D2, (47)
at soft terms, see Eq.(35), and therefore due SUSY algebra we can not gen-
erate this term in this supersymmetric model.
We can not generate the terms proportional to λ9,10and it is due the fact
to generate them we need to introduce term like
ˆ¯He2[gWˆ ]Dˆ1,2, (48)
this term would give the following contribution to D-term
gDiH†T iD1,2 (49)
and
(H†σiD1,2)(H
†σiD1,2) = 2(H
†D1,2)(H
†D1,2)−(H†D1,2)(H†D1,2) = (H†D1,2)2,
(50)
but this term is not invariant under our global (B − L) symmetry.
5 1-loop mechanism to generate masses to
the left-handed neutrinos
The left-handed neutrinos get masses at 1-loop level due the following inter-
action defined at Eq.(37),. As we have the couplings λ4 and λ5, see Eq.(45),
we can get the first diagram to generate neutrinos masses at 1-loop level
drawn at Fig.(1) presented at [1].
In this supersymmetric case, we can get two more contribution to generate
neutrinos masses at 1-loop level. The first contribution is due the sneutrinos
masses and it is drawn at Fig.(1). The coupling λijk defined at Eq.(25)
generate the 1-loop diagrams drawn at Fig.(2).
The quartic interactions between left-handed neutrino-left handed sneutrino-
usual scalars is the same as appear at MSSM therefore it is given by [7]
ı
(
D[φ, φ′, f˜ ′, f˜ ] +D[φ′, φ, f˜ ′, f˜ ]
)
, (51)
for φ = φ′, only one of the two contributions is non zero, whereas for φ 6= φ′
both contributions are equal. The coefficients of various quartic interaction
are:
D[H,H, ν˜i, ν˜j] = −dg[ν˜i]c2αδij , D[H, h, ν˜i, ν˜j ] = 2dg[ν˜i]s2αδij ,
D[h, h, ν˜i, ν˜j] = dg[ν˜i]c2αδij , D[A,A, ν˜i, ν˜j] = dg[ν˜i]c2βδij ,
D[H,H, l˜s, l˜t] = −dY [l˜s, l˜t]c2α − dg[l˜s, l˜t]c2α, D[H, h, l˜s, l˜t] = dY [l˜s, l˜t]s2α + 2dg[l˜s, l˜t]s2α,
D[h, h, l˜s, l˜t] = −dY [l˜s, l˜t]s2α + dg[l˜s, l˜t]c2α, D[A,A, l˜s, l˜t] = −dY [l˜s, l˜t]s2β + dg[l˜s, l˜t]c2β,
(52)
where the rotations angle α and β seen to obey the relations [7, 8]
sin(2α) = −M
2
H0 +M
2
h0
M2H0 −M2h0
sin(2β), cos(2α) = −M
2
A0 −M2Z
M2H0 −M2h0
cos(2β),
tan(2α) =
M2H0 +M
2
h0
M2A0 −M2Z
tan(2β), (53)
where h is the lighest CP-even Higgs, H the heavy CP-even Higgs and A is
the pseudo-scalar of MSSM. For any angle ζ , we use sζ , cζ, tζ to mean sin ζ ,
cos ζ and tan ζ respectively.
We have, also, defined
dg[ν˜i] =
g2
8
(
1 + t2W
)
, dg[l˜s, l˜t] =
g2
4M2W c
2
β
m2
f˜
[cos (θs˜ − θt˜)] ,
dY [l˜s, l˜t] = −g
2
8
[
2t2W sin θs˜ sin θt˜ + cos θs˜ cos θt˜
(
1− t2W
)]
,
(54)
where θf˜ is the mixing angle at charged slepton, m
2
f˜
their mass, while the
symbols to Weinberg angle θW are sW , cW , tW .
In the neutralinos sector, the mass eigenstates, see [5], are defined as
χ˜0i = Zij ψ
0
j , i, j = 1 . . . 4, (55)
where
ψ0l =
(
−ıW˜ 3,−ıb˜′, H˜1, H˜2
)T
. (56)
Therefore, the light sector of neutralinos of this model is exactly the same as
in the MSSM and we can say that Mχ˜0
1
∼ O(100)MeV as we hope at MSSM.
The mass matrix to the sneutrinos when we have three right-handed
neutrinos can be write as [6]
M2sneutrinos =
(
m2ν˜eL A
νf νv2
Aνf νv2 m
2
ν˜eR
)
, (57)
but mν = A
νf νv2 is the neutrinos masses at tree level and ν˜e, ν˜ν and ν˜τ
are already mass eigenstates, as first approximation, and we will represent
them as ν˜α. Therefore the left handed neutrino να can couple only with its
left-handed sneutrnios, this vertice came from Lcahrgedlepton defined at Eq.(17).
In this model, the left-handed neutrinos do not get masses at tree level.
and the coupling at soft superssymetric terms
Aνi1G
ν
i
(
D1L˜iL
)
N˜1R + A
ν
iβF
ν
iβ
(
D2L˜iL
)
N˜βR + hc, (58)
will induce an effective mixing between our left-handed sneutrinos with the
right-handed sneutrinos and it is the responsible for the mixing in this sector.
The interactions between left-handed neutrino-left handed sneutrino-neutralino,
came from Lcahrgedlepton see Eqs.(17,51),thata appear in our 1-loop correction
drawn at Fig.(1), is written as
−ıg√
2
ναW˜
3ν˜†α −
ıg′√
2
ναb˜
′ν˜†α + hc, (59)
now using Eqs.(55,56) at equation above we get
−ıgZ∗l1√
2
sin θW ναχ˜
0
l ν˜
†
α −
ıg′Z∗l2√
2
cos θW ναχ˜
0
l ν˜
†
α + hc, (60)
this is the vertices give contribution to generate masses to left-handed neutri-
nos at 1-loop level, its diagram is drawn at Fig.(1) 7, those kind of mechanism
were discussed at [14, 15, 27].
ν¯βRναL χ˜0l χ˜
0
l
⊗
Mχ˜
ν˜
†
βL
⊗
ν˜αL
mν˜
Figure 1: The one loop correction to the masses of mνα inclunding
(gauginos)neutralino-neutrino-sneutrino vertices, where α = e, µ, τ , this ver-
tices came from Eq.(60), and is given by (−ı/2)(gZ∗l1 sin θW + g′Z∗l2 cos θW ).
Our right-handed sneutrinos N˜iR are possibles candidates to be the Dark
Matter together with the right handed neutrinos NiR.
The coupling λijk defined at Eq.(25) and the mixing between the sleptons
is defined as (
l˜1
l˜2
)
=
(
cos θl˜ sin θl˜
− sin θl˜ cos θl˜
)(
l˜L
l˜R
)
. (61)
Therefore, the charged sleptons sector of this model is exactly the same as
in the MSSM. The charged sleptons generate the 1-loop diagrams drawn at
Fig.(2).
The contribution to neutrinos masses at 1-loop correction is we get the
following one loop correction to the left-handed neutrinos masses expressions
to the νe
(mν)ij =
GiGjM1
32π2
[
m2R1
m2R1 −M21
ln
(
m2R1
M21
)
− m
2
I1
m2I1 −M21
ln
(
m2I1
M21
)]
7We get Majorana Mass terms to our neutrinos
ν¯βRναL l
+
tL l
+
sR
⊗Ml
l˜
−
tL
l˜
−
sR
⊗
ml˜
Figure 2: The one loop correction to the masses of mνα inclunding charged
lepton-neutrino-charged slepton vertices, this vertices came from WRV see
Eq.(25), and the left vertices is proportional to λαst and the right ones is
λβst.
+
FikFjkMK
32π2
[
m2R2
m2R2 −M2k
ln
(
m2R2
M2k
)
− m
2
I2
m2I2 −M2k
ln
(
m2I2
M2k
)]
+
(gZ∗l1 sin θW + g
′Z∗l2 cos θW )
2Mχ˜0
l
64π2

 m2ν˜i
m2ν˜i −M2χ˜0
l
ln

m2ν˜i
M2
χ˜0
l

− m2ν˜j
m2ν˜j −M2χ˜
ln

m2ν˜j
M2
χ˜0
l




+
λitsλjst
16π2
sin2 (θs˜ + θt˜)
[
m2s˜Ms
m2s˜ −M2s
ln
(
m2s˜
M2s
)
− m
2
t˜
Mt
m2
t˜
−m2t
ln
(
m2
t˜
M2t
)]
, (62)
where Zlk is the mixing in the neutralino sector, see Eq.(55), whileMν˜j is the
mass of left-handed sneutrnos whilemχ˜0
l
is the mass of exchanged neutralinos.
In the last line, mχ˜0
l
is the neutralinos exchanged. The parameter θs˜ is the
mixing in sleptons defined at Eq.(61), while ms is the mass of the exchanged
lepton and ms˜ is the mass of their respective slepton. We can write similar
expression to νµ, νµ.
6 Conclusions
We presented the Supersymmetric version of the model presented at [1] in
the superfield formalism and we present also briefly some phenomenological
consequences of this model. We have studied the mechanism to generate
Majorana mass term at tree level to the right-handed neutrinos. The left-
handed neutrinos get their masses at 1-loop level in this model as happen
in the non-SUSY model [1]. In this model, the right-handed neutrinos and
right-handed sneutrinos can be the Dark Matter candidate.
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.1 Scalar Potential
The first term at Eq.(43) is
VF =
∑
l
F †l Fl, (63)
where l = H1,2, D1,2, D
′
1,2, ϕ, φ; the F terms are
F †H1 = −
µH
2
H2, F
†
H2 = −
µH
2
H1 −
Glij
3
L˜iLE˜jR,
F †D1 = −
µD1
2
D′1, F
†
D′
1
= −µD1
2
D1 − G
ν
i
3
L˜iLN˜1R,
F †D2 = −
µD2
2
D′2, F
†
D′
2
= −µD2
2
D2 −
F νiβ
3
L˜iLN˜βR,
F †ϕ = −
H11
3
N˜1RN˜1R, F
†
φ = −
Hαβ
3
N˜αRN˜βR. (64)
The soft term that contribute to the scalar potential, see Eq.(35), is given
by
Vsoft = −LSMT −LInt. (65)
The third term at Eq.(43) is
VD =
1
2
[
DiDi + (D′)
2
]
, (66)
where i = 1, 2, 3. There is one D-term came from LScalar and from superpo-
tential for each of the four gauge groups
SU(2)L : D
i = −g
2
[
H†1σ
iH1 +H
†
2σ
iH2 +D
†
1σ
iD1 +D
′†
1 σ
iD′1 +D
†
2σ
iD2 +D
′†
2 σ
iD′2
]
,
U(1)Y : D
′ = − g
′
2
[
|H1|2 − |H2|2 + |D1|2 − |D′1|2 + |D2|2 − |D′2|2
]
, (67)
where |H1|2 ≡ H†1H1 as usual.
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